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From the perspective of control engineering, the cooperation between robots and humans, or
COBOTICS is treated as a main subject. Specifically there is three primal work in this thesis. First is
a motion control system that uses the kinematic redundancy of the robot arm to perform emotional
expressive motion when the robot arm performs a main task at its end-effector. This system is based
on the idea of not only sharing emotion is effective in order for the robot to be accepted by the general
public, but also being productive is crucial. This method uses null-space control to exploit kinematic
redundancy and applied the concept of manipulability ellipsoid to maximize motion within the null
space. The robot's emotions were evaluated online by more than 200 people via Google-Form. The
results showed that current rules surrounding industrial machines operating near people severely limit
the robot's speed and prevent it from expressing the movement-by-movement changes necessary to
express emotion. However, we found that people who viewed unclear emotional behavior used the
content of the interaction, the robot's gaze, and their own prejudices about the robot, in addition to
the emotional behavior, to interpret the robot's emotion. Other primal works are about applying model
predictive control (MPC) to the robot arm. The MPC was treated in this thesis because it ought to be
useful not only for intelligent motion but also dynamic motion such as expressive movements. In the
first study, an Adaptive Generalized Predictive Control (AGPC) was designed using
kinematic/dynamic parameters estimated by dynamic parameter identification of the robot arm to
allow the robot to perform tasks in response to changes in the grasped object at its end-effector. It
utilize approximate linear joint model as reference model and through the motion, AGPC update the
reference model and a control parameter based on a stability index. The second study is about
generalized predictive control, but here, the main focus is on linearizing the dynamical system of a
robot using the concept of the Koopman operator. Using this concept of the Koopman operator, a
nonlinear dynamical system of a robot can be represented by a linear time-invariant state-space
model. GPC was designed for the obtained linear state-space model of the robot and compared its
control performance with a conventional PD controller. The results show that the GPC with Koopman
operators maintains constant control performance over a wide range of postures, speeds, and work
ranges compared to the PD controller with fixed gains.




